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1
SYSTEM AND METHOD OF CONTROLLING
MOTOR VEHICLE OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) priority
to, and the benefit of, Korean Patent Application No.
10-2011-0109566 filed in the Korean Intellectual Property
Office on Oct. 25, 2011, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a system and a method of
controlling the operation of a motor vehicle. More particu-
larly, the present invention relates to a system and a method of
controlling the operation of a hybrid motor vehicle that
changes a filter coefficient for determining a demand torque
desired by a driver according to the current driving condition
of the vehicle.

(b) Description of the Related Art

In developing logic for controlling the operation of a
hybrid vehicle, logic that calculates a demand torque for a
driver should reflect the driver’s intention precisely. The
intention of the driver with respect to hybrid vehicle operation
parameters such as, for example, acceleration, deceleration,
maintaining a speed, etc., should be carried out by the logic so
as to drive the vehicle in the manner the driver requests. If the
logic calculates a demand torque that does not fully reflect the
intention of the driver, then the vehicle will be driven in a
manner different from the intention of the driver. Conse-
quently, drivability of the vehicle may be decreased, while the
risk of an accident increases. In view of the foregoing, it is
clear that it is important to ensure that the logic calculates the
demand torque for the driver’s request precisely.

Generally, the driver’s request may be understood based on
data values detected by an acceleration pedal position sensor
(APS) and a brake pedal position sensor (BPS). An accelera-
tion torque may be calculated by multiplying a sum of a
minimum torque and a maximum torque, and the value
detected by the APS. As shown in FIG. 1, if the minimum
torque is —60 Nm, the maximum torque is 200 Nm, and the
value detected by the APS is 50%, the acceleration torque is
70 Nm ((-60+200)*0.5). In addition, a deceleration torque
may be calculated based on the value detected by the BPS.
That is, the regenerative braking amount and hydraulic brak-
ing amount may be determined based on the value detected by
the BPS, and the deceleration torque is calculated according
to the regenerative braking amount and the hydraulic braking
amount from a predetermined function.

If the driver wants to accelerate, the acceleration torque
may be increased proportionally to the value detected by the
APS. On the other hand, if the driver wants to decelerate, the
value detected by the BPS increases. The demand torque that
corresponds to the driver’s request, and is suitable for the
current operation of the vehicle, may be calculated by con-
sidering the current gear and vehicle speed, in addition to the
values detected by the APS and the BPS. When calculating
the demand torque for the driver’s request, the demand torque
should be filtered so as not to be changed too rapidly, and the
filtered demand torque should be controlled so as not to
deviate from the driver’s request. In addition, the demand
torque should not be calculated by filtering the demand torque
excessively or else it may differ from the driver’s request.
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According to the conventional method for calculating a
demand torque, the creep torque may be set as the minimum
torque that allows vehicle creeping when the value detected
by the APS is 0%, and the sum of the maximum engine torque
and the maximum motor torque may be set as the maximum
torque. In other words, the minimum torque is the torque
when the APS value is 0%, and the maximum torque is the
torque when the APS value is 100%. The demand acceleration
torque is calculated according to the vehicle speed and the
APS value, and the calculated demand acceleration torque is
filtered by a constant filter coefficient so as not to be changed
too rapidly. Unfortunately, the conventional art filters the
demand torque with a constant filter coefficient as shown in
FIG. 1, which means that the current driving condition is not
fully reflected by the resulting filtered demand torque. For
example, when a signal is input from a traction control system
(TCS) or an electronic stability program (ESP), the demand
torque should directly reflect the intention of the driver
quickly for safety. However, since the conventional art imple-
ments a filter coefficient with a fixed value, the current driving
condition is not accurately reflected quickly in the demand
torque response, and the driver may not be able to operate the
vehicle safely.

SUMMARY OF THE INVENTION

The present invention relates to a system and a method of
controlling operation of a hybrid motor vehicle that takes into
consideration the current operating conditions of the vehicle
and calculates a demand torque so as to prevent an accelera-
tion torque from being applied too.

A method of controlling operation of a hybrid motor
vehicle according to an exemplary embodiment of the present
invention may include: setting a creep torque as a minimum
torque; setting a maximum torque as the sum of the maximum
torque of the engine and the maximum torque of the motor as;
monitoring an acceleration pedal position sensor (APS)
value; calculating a demand torque according to the APS
value; setting a filter coefficient for filtering the demand
torque according to the operating conditions of the vehicle;
and filtering the demand torque by means of the filter coeffi-
cient.

The operating conditions may include at least one of a
traction control system (TCS), an electronic stability program
(ESP), a state of charge (SOC), a change rate of the APS
value, and/or a current drive mode. Illustratively, priorities
may be correlated to specific driving conditions, and the filter
coefficient may be set according to driving conditions having
higher priority.

A system of controlling travel of a motor vehicle according
to another exemplary embodiment of the present invention
may be applied to the vehicle including an engine and a motor.
The system may further include a control portion adapted to
control the engine and the motor. The control portion may be
adapted to a demand torque according to an APS value and to
filter the demand torque by means of a filter coefficient
according to the operating conditions of the vehicle. The
operating conditions may include at least one of a traction
control system (TCS), an electronic stability program (ESP),
a state of charge (SOC), a change rate of the APS value, and
a current drive mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram for explaining concept of a
method of controlling travel of a motor vehicle according to
the conventional art.
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FIG. 2 is a block diagram of a system of controlling travel
of'a motor vehicle according to an exemplary embodiment of
the present invention.

FIG. 3 is aflowchart of a method of controlling operation of
amotor vehicle according to an exemplary embodiment of the
present invention.

FIG. 4 is a schematic diagram illustrating a method of
controlling operation of a motor vehicle according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter reference will now be made in detail to various
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings and described
below. While the invention will be described in conjunction
with exemplary embodiments, it will be understood that the
present description is not intended to limit the invention to
those exemplary embodiments. On the contrary, the invention
is intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other
embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

FIG. 2 is a block diagram of a system of controlling motor
vehicle operation according to an exemplary embodiment of
the present invention. As shown in FIG. 2, a system of con-
trolling motor vehicle operation according to an exemplary
embodiment of the present invention includes, but is not
limited to, an APS 110, a TCS 120, an ESP 130, a SOC
detector 140, a control unit 150, an engine 160, and a motor
170.

The APS 110 detects the position of an accelerator pedal
(e.g., the degree of accelerator pedal depression) and delivers
a signal corresponding thereto to the control unit 150. If the
accelerator pedal is depressed completely, the position of the
accelerator pedal is 100%, and if the accelerator pedal is not
depressed at all, the position of the accelerator pedal is 0%. A
throttle valve opening sensor installed at an intake passage
may be used instead of, or in conjunction with, the APS 110.
Therefore, it is to be understood that the APS 110 may include
the throttle valve opening sensor.

The TCS 120 controls a driving torque of the vehicle. If the
TCS 120 is to be controlled, the TCS 120 delivers a signal
corresponding thereto to the control unit 150.

The EPS 130 analyzes the position of the steering wheel
and promotes stability of the vehicle by applying brake pres-
sure to the wheel, reducing engine torque, or performing gear
shifting based on the position of the steering wheel. Ifthe EPS
130 is to be controlled, EPS 130 delivers a signal correspond-
ing thereto to the control unit 150.

The SOC detector 140 detects the SOC of the battery and
delivers a signal corresponding thereto to the control portion
150. Instead of directly detecting the SOC of the battery,
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current and voltage of the battery may also be detected, and
the SOC of the battery may be estimated based thereon.

The control portion 150 calculates an acceleration torque
based on the signals received from the APS 110, the TCS 120,
the EPS 130, and the SOC detector 140, and filters the calcu-
lated acceleration torque by using a filter coefficient. In addi-
tion, the control unit 150 calculates the engine torque and the
motor torque based on the filtered acceleration torque, and
controls the engine 160 and the motor 170 based on the engine
torque and the motor torque. In other words, the control unit
150 may include one or more processors activated by a pre-
determined program, and the predetermined program may be
programmed to perform each step of a method of controlling
motor vehicle operation according to an exemplary embodi-
ment of this invention.

Although the above exemplary embodiment is described as
using a plurality of units to perform the above process, it is
understood that the above processes may also be performed
by a single controller or unit.

Furthermore, the control logic of the present invention may
be embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of the computer readable mediums include, but are
not limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
medium can also be distributed in network coupled computer
systems so that the computer readable media is stored and
executed in a distributed fashion, e.g., by a telematics server
or a Controller Area Network (CAN).

FIG. 3 is a flowchart of a method of controlling motor
vehicle operation according to an exemplary embodiment of
the present invention. As shown in FIG. 3, the method of
controlling motor vehicle operation according to an exem-
plary embodiment of the present invention includes setting a
creep torque as a minimum torque at a step S10, setting the
maximum torque as a sum of the maximum torque of the
engine and the maximum torque of the motor at a step S20,
monitoring the acceleration pedal position sensor (APS)
value at a step S30, calculating a demand torque according to
the APS value at a step S40, setting a filter coefficient (e.g.,
see FIG. 4, 10) for filtering the demand torque according to
the operating conditions of the vehicle at a step S50, and
filtering the demand torque by means of the filter coefficient
(e.g., see FIGS. 4, 10) at a step S60.

Firstly, the creep torque is set as the minimum torque at step
S10. The creep torque refers to the torque that enables vehicle
creeping when the accelerator is not depressed. In other
words, vehicle creeping refers to the state where a driver does
not push the accelerator pedal and the vehicle creeps forward
via the idle RPM of the engine or an electric torque of the
motor. Vehicle creeping is performed mainly when the road is
blocked, or the driver wants to move slowly forward.

The system of controlling motor vehicle operation deter-
mines the driver’s intention by receiving the signal from the
APS and/or a brake switch. Particularly, the system of con-
trolling motor vehicle operation applied to a hybrid vehicle
determines a final output torque based on an output torque of
the engine 160 and an output torque of the motor 170 accord-
ing to the SOC of the battery so as to achieve the demand
torque of the driver’s request. The output torque of the engine
160 is determined by an engine control unit (not shown), and
the output torque of the motor 170 is determined by a motor
control unit (not shown). The engine control unit and the
motor control unit may be controlled by the control unit 150
or be integrated into the control unit 150.
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When the hybrid vehicle runs slowly or is stopped and the
driver has no intent to accelerate (i.e., the driver does not push
the acceleration pedal), use of engine power is minimized so
as to generate the creep torque and reduce fuel consumption.
Therefore, the engine 160 is stopped and the creep torque is
generated by using electric power of the motor 170 when
creeping. The creep torque is generated according to the SOC
of'the battery by the motor, and the SOC ofthe battery may be
decreased if the creeping lasts too long. In this case, the
engine 160 may be started again and the battery is charged by
the engine 160.

Meanwhile, when the vehicle runs slowly or is stopped and
the driver has no intent to accelerate (i.e., the driver does not
push the acceleration pedal), the engine 160 may generate the
creep torque according to a conventional vehicle engine (e.g.,
an internal combustion engine). At this time, the engine 160
generates the creep torque so as to minimize use of power.

As a consequence of setting the creep torque as the mini-
mum torque of the system, the vehicle creeping is possible
even though the APS value is 0%. After that, the sum of the
maximum torque of the engine 160 and the maximum torque
of the motor 170 is set as the maximum torque of system at
step S20.

As described above, the final output torque may be deter-
mined based on the output torque of the engine 160 and the
output torque of the motor 170 according to the SOC of the
battery in a case of the hybrid vehicle. Therefore, the maxi-
mum value of the final output torque is set as the maximum
torque of the system.

In the state in which the minimum torque and the maximum
torque are set, the APS value is monitored at step S30. In other
words, how much the driver pushes the accelerator pedal is
continuously monitored by the APS.

The demand torque of the driver may be calculated accord-
ing to the monitored APS value at step S40. In more detail, the
demand torque may be the minimum torque (creep torque) if
the APS value is 0%, and the demand torque may be the
maximum torque if the APS value is 100%. Therefore, the
demand torque of the driver may be calculated according to
the APS value.

If the driver pushes the acceleration pedal and the APS
value is 50%, the demand torque may be determined between
amaximum torque line connecting the maximum torques and
a minimum torque line connecting the minimum torque as
shown in FIG. 3. For example, the demand torque may be
calculated to be 70 Nm. The filter coefficient 10 for filtering
the demand torque may be set according to the operating
conditions of the vehicle at step S50. In addition, the demand
torque may be filtered by using the filter coefficient 10 at the
step S60 and travel of the vehicle is controlled. The filter
coefficient (e.g., see FIGS. 4, 10) filters the demand torque of
the driver so as not to be changed rapidly.

As shown in FIG. 1, since the filter coefficient is a constant
value in the conventional art, it is difficult to cope with various
operating conditions.

As shown in FIG. 3, the filter coefficient 10 (see FIG. 4),
however, is changed and set according to the operating con-
dition of the vehicle in an exemplary embodiment of the
present invention. Since the filter coefficient 10 is set by
reflecting the various operating conditions of the vehicle
thereon, it is enhanced to cope with a current driving condi-
tion.

The operating conditions include at least one of the TCS,
the ESP, the SOC, a change rate of the APS value, and a
current drive mode.

In the case where a control flag for the TCS or the ESP is
turned on (i.e., control of the TCS or the ESP is necessary), the
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filter coefficient 10 may be set to a small value such that the
demand torque of the driver is changed quickly in one or more
exemplary embodiments. If the control flag for the TCS or the
ESP control is turned on, the vehicle operating conditions
may reflect an emergency situation, or indicate that the
vehicle may run into danger. Therefore, the driver’s request
should be enacted.

In the case where the SOC of the battery is low, the filter
coefficient may be set to a large value such that the demand
torque changes slowly in one or more exemplary embodi-
ments.

In one or more exemplary embodiments, the filter coeffi-
cient may be changed according to the rate of change of the
APS value and the driving mode. As indicated above, the state
of the TCS, the ESP, the SOC, the change rate of the APS
value, and the current drive mode are all non-limiting
examples of operating conditions of the vehicle. Therefore,
the filter coefficient may also be set according to various
operating conditions of the vehicle other than the above-
described driving conditions.

Priorities for setting the filter coefficient may be set to
various driving conditions including whether the TCS oper-
ates, whether the ESP operates, the SOC, the change rate of
the APS value, and the current drive mode, and the filter
coefficient may be changed and set according to occurrence
of the operating conditions associated with a higher priority.

In one or more exemplary embodiments, the operating
condition priorities may be set, for example, in a sequence of
1. the TCS or the ESP operates, 2. discharge limit of the
battery SOC exists, 3. the vehicle drives in an Eco drive mode,
4. the vehicle drives on a city street, and 5. the vehicle drives
on a highway.

When the vehicle, for example, drives on the highway, the
filter coefficient 10 may be set corresponding thereto and the
demand torque may be filtered by the filter coefficient 10 so as
to correspond to driving on the highway. For example, con-
sider the situation where the TCS or the ESP of the vehicle
operates due to the presence of obstacles on the road. In this
case, since operation of the TCS or the ESP has a higher
priority than driving on the highway, the demand torque may
be filtered by applying the filter coefficient 10 corresponding
to the operation of the TCS or the ESP. Therefore, the driver’s
request may be immediately translated to the operation of the
vehicle, and the vehicle can avoid the emergency.

The control unit 150 divides the filtered demand torque to
the engine 160 and the motor 170. If the maximum torque that
can be output from the engine 160 is Tm,eng and the maxi-
mum torque that can be output from the motor 170 is Tm,mot,
the torque Teng divided to the engine 160 and the torque Tmot
divided to the motor 170 are calculated by following equa-
tions.

Teng=T*Tm,eng/(Tm,eng+7Im,mot)

Tmot=T*Tm,mot/(Tm,eng+7m,mot)

Herein, T indicates the demand torque of the vehicle.

If the torques divided to the engine 160 and the motor 170
are calculated, the control unit 150 controls the engine 160
and the motor 170 based thereon.

An actual test of the system and the method according to an
exemplary embodiment of the present invention to the hybrid
vehicle showed that safety and fuel economy were improved
by setting the filter coefficient according to the various driv-
ing conditions and changing the demand torque of the driver.
Since the filter coefficient may be changed according to the
current operating condition of the vehicle according to an
exemplary embodiment of the present invention, the driving
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condition of the vehicle is fully reflected on the demand
torque, and thus safety may be improved. Since rapid change
of the acceleration torque is prevented by changing the filter
coefficient according to the current operating condition of the
vehicle, fuel economy may also be improved.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A method of controlling motor vehicle operation, com-
prising:

setting, by a control unit, a creep torque as a minimum

torque;

setting, by the control unit, a maximum torque as a sum of

a maximum torque of an engine and a maximum torque
of a motor;

monitoring, by the control unit, a pedal position sensor

(PPS) value;

calculating, by the control unit, a demand torque based on

the PPS value;

setting, by the control unit, a filter coefficient for filtering

the demand torque based on an operating condition of
the vehicle; and

filtering, by the control unit, the demand torque with the

filter coefficient,
wherein the operating condition is selected from the group
consisting of a traction control system (TCS), an elec-
tronic stability program (ESP), a state of charge (SOC),
a rate of change of an accelerator pedal position sensor
(APS) value, a rate of change of a brake pedal position
sensor (BPS) value, and a current driving mode,

wherein when a control flag for the ESP is turned on, the
filter coefficient is set to a minimal value to rapidly
change the demand torque,

wherein when the SOC is substantially low, the filter coef-

ficient is set to a larger value to decrease the change of
the demand torque,

wherein each possible operating condition is assigned a

priority value,
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wherein the filter coefficient is set to correspond to the
operating conditions with highest priority values, and
wherein the operating condition with the highest priority
value is the ESP.
2. The method of claim 1, wherein the pedal position sensor
is the accelerator pedal position sensor (APS).
3. The method of claim 1, wherein the pedal position sensor
is the brake pedal position sensor (BPS).
4. A system of controlling hybrid motor vehicle operation,
comprising:
an engine;
a motor;
one or more operation condition sensors configured to
produce sensor values; and
a control unit,
wherein the control unit is adapted to control the engine
and the motor, and to select a demand torque based on
one or more of the sensor values,
wherein the control unit is further configured to filter the
demand torque using a filter coefficient according to the
one or more operation condition sensor values,
wherein the one or more operation condition sensors are
selected from the group consisting of a traction control
system (TCS), an electronic stability program (ESP), a
state of charge (SOC), a rate of change of an accelerator
pedal position sensor (APS) value, a rate of change of a
brake pedal position sensor (BPS) value, and a current
driving mode,
wherein when a control flag for the ESP is turned on, the
filter coefficient is set to a minimal value to rapidly
change the demand torque,
wherein when the SOC is substantially low, the filter coef-
ficient is set to a larger value to decrease the change of
the demand torque,
wherein the control unit is further configured to assign a
priority value to each operation condition sensor value,
wherein the filter coefficient corresponds to the operation
condition sensor value having the higher priority value,
and
wherein the operating condition with the highest priority
value is the ESP.



